Uptake kinetics of nucleic acid targeting dyes in S. aureus, E. faecalis and B. cereus: a flow cytometric study.
For flow cytometry-based detection as well as susceptibility testing and counting, staining of the bacterial cells is essential. In an attempt to develop rapid preparatory procedures for nucleic acid staining of wild type Gram positive bacteria, the uptake of fluorescent dyes in viable S. aureus, E. faecalis, and B. cereus cells was studied by flow cytometry under conditions intended to block probe efflux and increase cell wall permeability. The aim of the study was to develop procedures which allow rapid nucleic acid staining independent of fixation, since ethanol fixation is time-consuming and may mask phenomena associated with viability and lead to uncontrolled loss and aggregation of cells. The dye uptake was measured repeatedly after treating cells with metabolic inhibitors in order to block probe efflux, or cold shock (0 degree C) to increase permeability. The probes used were mithramycin (Mi), ethidium bromide (EB), DAPI, Hoechst 33342 and Hoechst 33258. None of the procedures facilitated uptake of the dyes to a level similar to that obtained in fixed control cells in all of the species. After metabolic inhibition of B. cereus cells, DAPI and Hoechst fluorescence increased to a level similar to or above that found in fixed cells, indicating that the uptake of these dyes is limited by energy-dependent efflux. A similar increase of DAPI fluorescence was observed after cold shock suggesting the uptake of this dye to be limited also by permeability in B. cereus. The Mi and EB fluorescence increased to the level of the fixed control cells under all conditions tested, suggesting free probe influx in this species. Generally, probe uptake in S. aureus and E. faecalis was lower than in B. cereus cells, and no permeabilizing effect of cold shock was observed. In some experiments the fluorescence exceeded that of ethanol fixed control cells, indicating that the fixation may cause conformational changes in DNA.